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THE CELLULAR RESPONSE TO SOME METHYLATED
LONG CHAIN FATTY ACIDS*
B. GERSTL AND R. TENNANT
Hirsch's recent review4 of the literature concerning the local
tissue response to parenteral injection of lipids of varying chemical
composition indicates that few facts have thus far been established
experimentally. These concern straight chain fatty acids and chaul-
moogric acid. Sabin's demonstration5 that phthioic acid' applied
parenterally produces epithelioid cell accumulation and tubercle
formation stimulated great interest in the chemical structure of this
fatty acid, whose empirical formula is given as C26H5202.
The problem of the chemical structure of this acid has been
approached by two methods. Spielman and Anderson,' on the
basis of analytical studies, believe that the phthioic acid molecule
contains a long chain of approximately 22 carbon atoms with sev-
eral methyl groups attached laterally. A second group of inves-
tigators, Wagner-Jauregg,8 Chargaff,2 attacked the problem by
synthesizing fatty acids whose structure theoretically should be sim-
ilar to that of phthioic acid. More recently, Schneider and Spiel-
man' have succeeded in synthesizing various methylated long chain
fatty acids. Samples of these, as listed in Table 1, have been made
available to this laboratory for investigation of their biological
effects.
TABLE I
Acid m.p. Formula
2-Methylstearic .................................... 54.50 C. CG9HU02
2-Methyleicosanoic ................................. 61.5-62.0 CnHa20
2-Methyldocosanoic ................................ 67.0-67.5 GH "02
2-Methyltetracosanoic ............................... 72.0-72.5 CWHI02
2-Methylhexacosanoic ............................. 75.5-76.0 C27EH02
10-Methyldocosanoic . ................ 45.5-46.0 CGHa02
10-Methyltetracosanoic ................ . 51.0 CwH002
10-Methylhexacosanoic .............................. 54.0-55.0 CrHkm02
* From the Laboratory of Pathology, Yale University School of Medicine, and
the Hartford Hospital. These investigations have been supported by funds provided
by the Research Committee of the National Tuberculosis Association.YALE JOURNAL OF BIOLOGY AND MEDICINE
Methods
Rabbits weighing approximately 7 lbs. each were used. The respective
acid was neutralized with NaOH and suspended in saline. Each rabbit
received an intraperitoneal injection of 1 cc. of the suspension containing 16
mg. of acid on each of ten consecutive days; the total amount of acid received
by each rabbit was 160 mg. The fatty acid suspension was heated to 37°C.
before injection. The rabbits were sacrificed by intravenous introduction
of air 24 hours after the last injection. Specimens of organs were taken in
the usual way, and omental preparationse were made.
As a control to the methyl-hexacosanoic group, two rabbits received injec-
tions of normal hexacosanoic acid* in identical amounts and at the same
intervals.
Results
The results are presented in Table 2.
TABLE 2
No. of Fattyacid Fig.
rabbit injected Results No.
760 2-Methylstearic Adhesions between cecum and abdominal wall. Sev-
acid eral foci of necrosis in peritoneum and omentum with
leukocytic infiltration surrounded by phagocytic and
fibroblastic proliferation. No epithelioid cell or giant
cell formation is found.
804 2-Methyleicos- Foci of necrosis in omentum and capsule of liver sur-
anoic acid rounded by proliferative reaction. Numerous pale
phagocytic cells and numerous multinucleated giant
cells. Moderate amount of polymorphonuclear cel-
lular reaction.
2-Methyldoco-
sanoic acid
10-Methyldoco-
Xsanoic acid
Several foci of necrosis with polymorphonuclear re-
action and moderate fibroblastic response. Mono-
cytic response with occasional giant cell formation.
Giant cells in milk spots.
Marked proliferative response with numerous multi-
nucleated giant cells; some of the giant cells contain
pyknotic nuclei; no epithelioid cell formation; mini-
mal acute inflammatory response. In a large lesion
of omentum considerable polymorphonuclear cellular
response.
Omentum and peritoneum hyperemic. Response to
injected material is associated with extensive necrosis
and polymorphonuclear cellular reaction with only
moderate fibroblastic response. Small lesions in
omentum more proliferative with multinucleated
giant cells. Omental preparations show also small
lesions with numerous multinucleated giant cells.
1
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* n-hexacosanoic acid was kindly supplied by Dr. R. J. Anderson, Sterling
Chemistry Laboratory, Yale University.
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TABLE 2 (Continued)
No. of Fatty acid Sg.
rabbit snjected Results No.
799 10-Methyldoco- Marked necrotizing lesions in omentum with poly-
sanoic acid morphonuclear cellular response and moderate fibro-
blastic reaction.
793 2-Methyltetra- Lesions characterized by foreign body giant cells
cosanoic acid containing small deposits of injected material and 3&4
surrounded by fibroblastic proliferation. Minimal
lymphocytic reaction in the stroma.
794 10-Methyltetra- Numerous peritoneal lesions composed of a large
cosanoic acid central necrotic zone containing nuclear debris and
surrounded by a proliferative reaction composed of 5&6
fibroblasts and rather large pale cells that resemble
epithelioid cells. Lymphocytic infiltration also pres-
ent. Occasional giant cells.
795 Necrotizing granulomatous lesions, similar to those
seen in rabbit 794, in omentum. A few small pro-
liferative lesions containing giant cells also present.
792 2-Methylhexa- Milk spots prominent but small; polymorphonuclear
cosanoic acid infiltration of peritoneum and omentum.
805 Numerous small foci in omentum contain foreign
body giant cells with slit-like vacuoles inside the
giant cells. The giant cells are surrounded by lym- 7
phocytic infiltration and slight fibroblastic prolifera-
tion. No necrosis. Milk spots large; numerous
giant cells with foreign bodies.
798 10-Methylhexa- Omentum shows proliferative nodules composed of a
cosanoic acid central amorphous mass surrounded by numerous
phagocytes, fibroblasts, and many multinucleated 8 giant cells. Lymphocytic and occasional polymor-
phonuclear reaction present in surrounding tissue.
Minimal amount of necrosis.
801 Lesions essentially of same character as in rabbit 798.
855 n-hexacosanoic Several lesions noted in omentum and peritoneum
acid contain numerous giant cells with slit-like vacuoles
inside the giant cells. Monocytes and a few poly-
morphonuclears also present. These lesions are sur-
rounded by fibroblastic proliferation.
856 Lesions of essentially the same character as in rabbit
855.
Discussion
It has been known from the reports of earlier investigators
(Hass,8 Hirsch4) that the cellular response to any fatty acid injected
parenterally varies with its chain length, acidity, and physical state.YALE JOURNAL OF BIOLOGY AND MEDICINE
The present studies deal with the tissue response to eight fatty acids.
These varied from 18 to 26 carbon atoms in the fundamental chain
length. Two series of each of the fatty acids of 22, 24, and 26
carbon atoms (fundamental chain) were available. One had the
methyl group attached in the alpha position, the other in the 10-
position. This offered the opportunity to study the tissue response
to fatty acids ofidentical chain length but slightly different structure.
When the alpha-methylated fatty acids of a chain length of
C-i9 to C-27 were compared (Table 2) non-specific necrosis was
noted to be the main feature of the lesions produced by the acids of
19 and 21 carbon atoms. The necrosis was less striking with the
acid of 23 carbon atoms, minimal with that of the 25 carbon atoms
(Figs. 3 and 4), and absent with the 27-carbon atom acid (Fig. 7).
Giant cell formation appeared first with the acid of 21 carbon atoms
and became increasingly prominent with increasing chain length of
the lipoid, and the response was entirely proliferative with the
higher fatty acids.
The 10-methyl substituted acids were available only in lengths
of 23, 25, and 27 carbon atoms. Extensive necrosis was seen with
the acids of 23 and 25 carbon atoms (Figs. 2 and 5). It was less
striking but still present with the 27-carbon atom acid (Fig. 8).
Giant cell formation was presetit but not conspicuous with the 23
and 25 carbon acids, and was more noticeable only with the 27-car-
bon atom acid (10-methylhexacosanoic acid). Cells resembling
epithelioid cells were seen in the lesions produced with the
10-methyltetracosanoic acid (Fig. 6).
The response to normal hexacosanoic acid (C-26) was predom-
inantly that of a foreign body giant cell reaction.
The influence of the position of a methyl group on the tissue
response should be brought out by comparing the lesions produced
by acids identical in chain length but differing in the position of the
methyl group. Fatty acids of 22, 24, and 26 carbon atoms (funda-
mental chain) with the substituted methyl group attached either
in the alpha position or to the 10th carbon atom were available for
this comparative study. The lesions resulting from the injection
of the alpha-methylated 23-carbon atom acid were characterized by
a marked proliferative response with numerous multinudeated giant
cells and minimal necrosis; the reverse was true for the 10-methy-
lated acid of identical chain length. The responses evoked by the
25-carbon atom acids did not differ significantly from those of the
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23-carbon atom acids. The reaction to both 27-carbon atom acids
was a marked giant cell formation with little necrosis present in the
case of the 10-methylated acid and no necrosis resulting from the
alpha-methylated member.
It would appear from this study that the stimulus to prolifera-
tion associated with the increased chain length in the case of the 27
carbon acid counterbalanced the necrotizing effect of the methyl
group in the 10-position.
The physical state of the acid as a factor determining the tissue
response seemed to be of little significance in this group of fatty
acids, since the melting points of all the compounds employed were
well above the body temperature of the experimental animal.
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8 Wagner-Jauregg, T.: Ztschr. f. physiol. Chem., 1937, 247, 135.FIG. 1. Rabbit 803. 2-Methyldocosanoic acid; omentum; H & E. X 225. l.a.. 2. Ralmint ,96. 10-Methyldocosanoic acid; omentuni; H & E. X 200.
FIG. 3. Ral bit 793. 2-Methvltetracosanoic acid; lesion in livcr capsule, note inijected miaterial in
celnter of lesion anid also phagocytized by giant cells; onlelitumn; H & E. X 120.
FIG. 4. Rabbit 793. Same lesion. X 250.MCI
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FIG. 5. Rabbit 794. 10-MethyltetracGsanoic acid; omentum; H & E. X 125.
FIG. 6. Rabbit 794. 10Methyltetracosanoic acid; oinentum; H & E. X 250.
FIG. 7. RaDlbit 805. 2-Mlethyihexacosanoic acid; onientuimi, note injected material in center of lesion
and also phagocytized by gianit cells; H & E. X 325.
FIG. 8. Rabbit 798. 10-Mlethylhexacosanoic acid; omentum. nGte injected material in center of lesion
an11(d also phagocytized by gianit cells; H & E. X 325.
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